Sinus node (SN) function was analyzed with and without autonomic blockade in 20 normal subjects, ages 15-67 years (mean 44 i 16 years). Various electrophysiologic measures of SN function -SN cycle length (SNCL), SN recovery time (SNRT), corrected SNRT (CSNRT) and sinoatrial conduction time (SACT) -were analyzed. CSNRT was measured after atriil pacing at multiple rates. SACT was analyzed using two methods (SM and NM). After control measurements, autonomic blockade was produced by i.v.
SINUS NODE (SN) dysfunction cannot always be diagnosed from standard ECG or Holter recordings.' Therefore, SN recovery time (SNRT) and sinoatrial conduction time (SACT) have been proposed as adjunctive diagnostic tools. [2] [3] [4] [5] Although electrophysiologic testing of the SN has been clinically valuable, it lacks a high degree of specificity and sensitivity,' 7 and autonomic influences can significantly alter SN function.8'" Accordingly, electrophysiologic testing of SN function may be greatly limited without a consideration of these factors.
The diagnostic value of blocking sympathetic or parasympathetic activity, either alone or in combination, has been emphasized.8 '6-1 However, except for the effect on rate, no data are available on the intrinsic electrophysiologic characteristics of the normal SN after autonomic blockade. '9' 20 Studies of SN function after autonomic blockade reported by Jordan et al. ' 8 were limited to patients with sinus node dysfunction and do not provide normal values for intrinsic SNRT and SACT. The latter data are essential to provide a proper perspective for the electrophysiologic testing of SN function in patients with suspected SN dysfunction.
The purpose of the present study was to determine the normal intrinsic SN function in the absence of autonomic influences. Therefore, in addition to the in-Material and Methods Electrophysiologic studies were performed in 20 subjects (11 males and nine females), ages 15-67 years (mean 44 ± 16 years). Ten subjects were 45 years of age or younger (mean 32 ± 12 years) and 10 were age 45 years or older (mean 56 ± 6 years). The following criteria were used to select subjects for the study: (1) no evidence of heart disease or hypertension based on history, physical examination and chest x-ray; (2) normal resting 12-lead standard ECG (P-waves, PR, QRS, ST-T waves) and a normal treadmill test; (3) normal atrioventricular (AV) conduction on the basis of His bundle recordings (i.e., PA interval < 45 msec, AH interval of 50-120 msec and HV interval of [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] msec;21 (4) normal SN function as evidenced by normal heart rates (60-100 beats/min) and no evidence of arrhythmias during two complexes, and no history of palpitations, dizziness or syncope; (5) absence of significant general medical disease or abnormalities at the time of the study or in the past; and (6) normal routine blood tests, chemistries and thyroid function.
All subjects were studied in the postabsorptive state and were premedicated with 50-100 mg of i.m. pentobarbital 30 minutes before the study. Each subject gave informed consent.
Using standard techniques, electrode catheters were inserted against the high lateral right atrium and in the region of the His bundle. Ten minutes after the introduction of the catheters, resting heart rate (RHR) was calculated from 10 consecutive sinus cycles. SACT was measured by methods described by Narula was calculated according to the most recently described criteria (SACT = A2A3 -A,A).23 SNRT was measured by atrial pacing at cycle lengths of 600, 500, 430, 370 and 330 msec for 2 minutes at each level. A 2-minute rest was provided between each pacing cycle length. Ten to 12 sinus cycles were analyzed after termination of pacing, and the longest of these postpacing intervals was used to calculate SNRT. P-wave configuration on the surface ECG in conjunction with the intraatrial electrograms was used to verify that the first escape beat after termination of pacing was indeed sinus in origin. CSNRT was calculated by deducting the mean of 10 consecutive spontaneous SN cycles immediately preceding each pacing run." The maximal CSNRT was defined as the longest CSNRT at any pacing cycle length.
Sympathetic and parasympathetic blockade was achieved by i.v. propranolol, 0.2 mg/kg body weight, administered over a period of 3 minutes and, 10 minutes later, i.v. atropine sulfate, 0.04 mg/kg, administered over 1 minute. Sinus cycles were measured continuously throughout the study. After atropine, the shortest 10 consecutive sinus cycles were used to determine the mean intrinsic sinus cycle length or the observed intrinsic heart rate (IHRo). The IHR reached a plateau at approximately 4 minutes and remained stable for approximately 30 minutes. Five minutes after atropine, repeat measurements of SACT and CSNRT were made, as during control. These measurements were completed in less than 25 minutes.
On the following day, i.v. atropine sulfate, 0.02 mg/kg, was administered to allow analysis of the effect of partial vagal blockade on RHR. The predicted intrinsic heart rate (IHRp) was determined for each patient by linear regression equation derived by Jose and Collison20: IHRp = 118.1 -(0.57 X age). For each patient, the magnitude and direction of autonomic chronotropic influences present during control were evaluated. The percent by which a patient's RHR deviated from his IHRo was taken as a measure of positive or negative autonomic chronotropy: (RHR/IHRo) -1 X 100. To adjust the measured control CSNRT for the role that existing autonomic tone played in its value, we used the formula proposed by 
Results

Control
The results of electrophysiologic study during control are presented in table 1 and figures 1 and 2. The mean resting sinus cycle length was 625-920 msec (mean 761 + 93 msec). The RHR was 65-96 beats/min (mean 80 ± 9 beats/min). The maximal CSNRT was 167-325 msec (mean 262 4 46 msec).
None of the patients exhibited secondary pauses, and the longest SNRT was always the first postpacing escape sinus beat.
The SACT by the SM was 97-200 msec (mean 154 ± 30 msec). The mean postreturn sinus cycle (A3A,) was longer than the mean sinus cycle (A,A,) by 15.7 msec (2%). The SACT by the NM was 92-193 msec (mean 148 ± 28 msec). The mean A8A, was longer than the mean A,A, by 20.8 msec (2.7%).
The differences in SACT values calculated by the two methods were not statistically significant (p > 0.1, r = 0.84).
Autonomic Blockade
After autonomic blockade (table 2, figs. 1 and 2), the sinus cycle length was 470-732 msec (mean 619 ± 71 msec). The IHRo was 80-127 beats/min (mean 98 ± 2 beats/min). The mean IHRo was 103 ± 13 beats/min in patients 45 years of age or younger and 93 ± 8 beats/min in patients 45 years of age or older. In all patients, the IHRo was higher than the RHR and was within the normal range of IHRp based on the formula of Jose and Collison. 20 The maximal CSNRT was 110-240 msec (mean 167 ± 39 msec). The mean CSNRT was 140 + 19 msec in the patients 45 years or younger and 194 i 36 msec in the patients older than 45 years. The CSNRT after autonomic blockade was always shorter than the control CSNRT (mean 167 ± 39 vs 262 ± 46 msec, r = 0.48). The adjusted CSRTp'8 overestimated the CSNRTo in 18 of 20 patients by a mean of 50 msec and underestimated it in the other two by 7 msec and 20 msec. The SACT by the SM was 63-147 msec (mean 106 ± 24 msec). The mean SACT was 94 ± 16 msec in the younger patients and 119 ± 25 in the older patients. The mean A,A, was longer than the mean A,A, by 4.3 msec (0.7%). The SACT was always shorter after autonomic blockade than during control (106 ± 24 vs 154 ± 30 msec, r = 0.64).
The SACT by the NM was 57-142 msec (mean 100 ± 25 msec). The mean SACT was 87 ± 18 msec in the younger patients and 112 ± 25 msec in the older patients. The mean A3,A, was longer than the mean A,A, by 6.2 msec (1%). The coefficient of correlation between SACT values by the two methods after autonomic blockade was r = 0.92.
Vagal Blockade
On the second day after partial vagolysis with atropine, the heart rate accelerated in each patient. With atropine, the mean RHR increased from 76 ± 6 beats/min (range 65-88 beats/min) to 111i 11 beats/min (range 95-140 beats/min). In 17 of the 20 patients, the heart rates after atropine alone were faster (mean increase 12 beats/min) than IHRo after autonomic blockade on day 1. In the other three patients (cases 6, 8 and 17), the IHRo was faster by a mean of 5 beats/min than those after atropine alone (table 3) .
After autonomic blockade, the following coefficients of correlation were obtained: mean sinus cycle length and CSNRT, r = 0.65; sinus cycle length 
SACT.
In the present series of normal cases, the longest CSRT during control (range 167-325 msec, mean 262 ± 46 msec) was markedly shorter than that previously considered normal.93 18, 25, 26 These differences can be , based on studies of 20 patients with palpitations. In the latter report, the history of palpitations raises the question as to whether all of the cases analyzed had normal SN function. These suspicions are further strengthened by the following observations. First, the shortest CSNRT (66 msec) in their series was significantly shorter than the shortest SACT (A2A, -A,A, = 96 msec).
Therefore, the short CSNRT may have resulted from SN entrance block due to a high pacing rate or to SN dysfunction. Second, despite the comparatively younger mean age of their patients (32 years vs 44 years in our series) and, in some cases, performance of studies during sinus tachycardia, the mean values of normal CSNRT and SACT reported by Breithardt et al.26 are longer than those in the present series. Our data suggest that in the absence of autonomic blockade, the upper limits of normal CSNRT and SACT (SM) should be considered to be mean +2 SD, i.e., 354 msec and 214 msec, respectively. Although the number of cases in the present study is small, these limited data do suggest a direct relationship between age and various electrophysiologic measures of SN function, i.e., cycle length, CSNRT and SACT, all of which lengthen with age. Okimoto et al.27 suggested such a relationship, but their conclusions could not be fully relied upon as the role of autonomic influences had not been excluded. Our data further suggest that with age, the depression of SN automaticity is affected to a proportionally greater extent than the rate of SN impulse generation or SACT as age-related changes in SNCL, CSNRT and SACT were 10%, 39% and 27%, respectively.
Our data, similar to previous observations, show that in normal cases the RHR is slower than the IHR because vagal tone predominates. The predominant vagal tone also prolongs the resting CSNRT and SACT. Accordingly, in patients with control sinus bradycardia, a lack of acceleration up to the IHRp after vagal blockade should suggest an abnormality of intrinsic SN automaticity (table 3) . Although the heart rate after atropine exceeded the IHRo in 80% of the cases, this was probably due to partial vagal blockade. The dose of atropine on day 2 (0.02 mg/kg) was one-half that of day 1 during autonomic blockade (0.04 mg/kg). This observation is clinically significant because it should permit the diagnosis of intrinsic SN dysfunction without requiring additional administration of propranolol to produce autonomic blockade. In some elderly patients, the administration of propranolol is contraindicated due to associated congestive heart failure or pulmonary disease. Of course, when possible, propranolol should be administered to fully unmask the magnitude of SN dysfunction, as it may lead to further depression of SN automaticity and exhibit the functional dependence of SN on endogenous or circulating catecholamines.17, 24 We recently suggested that CSNRT represents a composite sum of the effects of atrial pacing on SACT and SN automaticity.24 Therefore, our present data allow us to make several deductions. In cases with normal SN function, the real depression of SN automaticity (CSNRT -SACT) with overdrive atrial pacing during control was 108 msec and after autonomic blockade was 51 msec. However, these values are based on indirect measurements of CSNRT and SACT and therefore may not be precise. The true depression of SN automaticity may be even less than that derived above. The evidence suggests that SACT is probably rate related and increases with the pacing rate. Because the CSNRT is measured at faster atrial pacing rates and the SACT values used in the calculation were obtained at slower pacing rates, the true conduction time into the SN during CSNRT measurements must have been greater. In normal patients, the CSNRT appears to be constituted to a greater extent by the SACT and to a lesser extent by the depression of SN automaticity, both during control and with autonomic blockade. However, these conclusions are speculative and further experimental verification is needed. The magnitude of depression of normal SN automaticity after overdrive pacing in the present study is consistent with our previous observations and depression of tion suggests that the autonomic influences, and most likely the parasympathetic component that normally predominates, contribute significantly to the overdrive suppression of SN automaticity. Therefore, we conclude that an abnormal CSNRT can result from the abnormalities of the autonomic nervous system or the intrinsic SN dysfunction or both. During measurements of SACT by the SM, AsA, was prolonged to a lesser degree after autonomic blockade (0.7% vs 2.7% during control), which suggests that vagal influences contribute to the prolongation of A3A,.
We recommend that a complete evaluation of SN SUMMARY The sinus node (SN) was examined histologically in 30 infants diagnosed with sudded infant death syndrome (SIDS) and in 18 age-matched controls who died of known causes. Location, size and organization of the SN did not differ significantly in the two groups. Petechiae involved the SN region in 20% of SIDS and 17% of control infants and probably do not represent a primary event. In three SIDS infants (10%), intimal lesions reduced the lumen of the intranodal SN artery by 63-83% in cross-sectional area. These resembled the intimal thickenings frequently observed in main epicardial coronary arteries of infants. Whether the vascular alterations in these three cases had adverse effects upon SN function is unknown.
THE PRIMARY CAUSES of the vast majority of sudden unexpected deaths in infancy (SIDS) remain unknown. Sudden cessation of some vital physiologic function, such as respiratory or cardiac arrest, continues to be a major hypothesis.' Studies of the cardiac conduction system in SIDS are usually directed to the atrioventricular node and His bundle.2-7 The sinus node (SN) in SIDS has been described as anatomically normal.2 6 7 Small hemorrhages have been common in atrial musculature and perinodal autonomic ganglia, occasionally occurring within the SN itself.2-5 7 Similar hemorrhages are equally common in controls. James noted degenerative changes in the perinodal autonomic ganglia associated with the hemorrhages. 2 We examined one infant with a documented conduction disturbance who died unexpectedly without demonstrated cause and who had an atrioventricular bypass tract. This experience and the disparate findings in the literature prompted a new analysis of the cardiac conduction system in SIDS victims. Studies of the SN are reported here.
Materials aild Methods
The SN was examined histologically in 30 SIDS victims and 18 age-matched controls at Children's Hospital Medical Center, Boston, who died from 1975-1980. SIDS was defined by sudden and unexplained death in a previously healthy infant younger than 18 monthis of age. (Two SIDS infants were initially resuscitated, but one died 6 hours and the other 4 1242 CIRCULATION
